A patient recently presented with long-standing severe itching originating from lichen sclerosus et atrophicus at the vulva area. We successively treated her using a topical formulation of TRPM8 agonist which produces a cooling sensation. The cooling sensation, an afferent sensory perception in various skin neuronal pathways, could be a useful mechanism to relieve an itchy sensation in various skin disorders. Mechanoreceptors are related to touch vibration and pressure sensations and have a special morphology where the nerve endings are optimized to receive sensory inputs.
INTRODUCTION
The skin forms a protective layer around the body against physical, chemical and thermal environmental challenges. In addition to providing a physical barrier, the skin is considered a sensory organ that allows the body to perceive harmful external stimuli and appropriate behavior or body movement can be initiated thereafter.
The peripheral nervous system governs the broadly defined sense of touch perception, communicating with the central nervous system regarding the external environment, allowing for conscious sensations of balance and coordination, pressure and vibration, pain and temperature [1, 2] .
Sensory nerves are innervated in the entire skin tissue as well as subcutaneous fat layer [1] . Most nerve fibers and endings are found in the mid-dermis and the papillary dermis. In the epidermis, sensory nerves are linked to kerati- 
THERMOSENSORY PERCEPTION
Thermosensation is a sensory modality of the skin. of cold as well as pain is evoked, described as burning, aching, and pricking sensations [13] . Further discussion regarding each innocuous and noxious cold sensation is described below. This delicate thermosensing process is also related to specific receptor proteins that are located within the free nerve endings in the skin, known as transient receptor potential (TRP) [14] .
TRP
Advances in understanding the temperature sensation have emerged from the cloning and characterization of TRP ion channels whose activity depends on the temperature of their environment. Activation of TRP channels depolarize cells from the resting membrane potential and shortens action potential duration. Most TRP channels are cation-non- Trpm8 TRPM8) [15] (Table 1) .
TRPV1, vanilloid receptor 1, is the most well-known and characterized TRP channel which is activated by noxious stimuli such as capsaicin and excessive heat and pH below 5. TRPV1 is predominantly expressed in sensory neurons and believed to play a crucial role in temperature sensing and nociception [16] . Therefore, they were used as a molecular target for pain treatment and pruritus over the last several decades. However, some cold fibers can also be activated by high temperatures in the noxious range, and this may be the basis for the paradoxical cold sensation. Cold afferents respond vigorously when the skin is actively cooled down. However, these dynamic responses are rather transient [18] [19] [20] .
C fibers responding to innocuous cold temperatures have been found in human skin [20, 21] . In addition, high-threshold cold receptors (HCRs) have previously been identified.
These afferents are believed to be sensitive to cold temperatures below 27 o C, but do not respond to mechanical or heat stimuli and have conduction velocities in the low range of Aδ and C fibers [17] . Rapid cooling of the skin is also able to activate unmyelinated, low threshold mechanoreceptors (CLTMs). These C fibers are non-responsive to intense heat stimuli and respond vigorously to gentle touch [21] . This response to cooling is only transient, and relatively rapid decreasing temperatures are required for long effective activation. Several studies suggest cold sensitivity can also be found in large myelinated afferents which respond vigorously to mechanical stimuli [20] [21] [22] .
TRP channels sense the innocuous cold through the TRPM8 ion channel [23] , which is specifically expressed in the DRG and trigeminal ganglion neurons with small nerve fibers, probably C fibers. Based on mice studies, the role of TRPM8 in thermosensation is well-established [22] . TRPM8 is activated by agents known to produce the sensation of cold in humans; the well-known agonists are menthol, eucalyptol and icilin. TRPM8 channels also have a relationship with somatosensation and nociception. As injury impacts thermosensation, sensory reaction showed a heightened sensitivity to temperatures in the innocuous range (allodynia) and in the already painful range (hyperalgesia) [24, 25] . Colburn et al. assessed the involvement of TRPM8 in injury-evoked hypersensitivity to cold, and suggested that TRPM8 cooling sensation may modulate the majority of allodynia and hyperalgesia [26] . In addition, numerous studies have demonstrated TRPM8 expressing afferents are related to analgesic effects. The analgesic role mediated by TRPM8 was confirmed with TRPM8-null mice [27] . TRPM8 is also expressed in the prostate, lung and bladder tissues [25] .
Noxious temperatures
Cold temperatures can produce the pain sensation with temperatures between 10 and 15 o C in glabrous skin and approximately 18 o C in hairy skin [28] . Noxious cold stimuli cause distinct sensations such as pricking, burning, aching and even heat [29] , suggesting different fiber populations exist and are activated in the cold sensation. Mechanosensitive Aδ afferent fibers (A-MSA), including those sensitive to heat stimuli, can be also activated by noxious cold [30] . Instead of signaling the intensity of a cold stimulus, A-MSA fibers might encode the pricking sensation associated with noxious cold stimuli; cold-induced pricking sensation is largely reduced when Aδ fibers are blocked [31] .
In addition to Aδ fibers, a subset of C fiber nociceptors can be excited by noxious cold and may therefore contribute to the sensation of cold pain [32] . Similar to Aδ fibers, most of the cold-sensitive C fibers are believed to be polymodal in nature. Although C fibers are also responsive to mechanical and heat stimuli, their threshold temperatures for activation vary over a wide range [33, 34] . During the block of an Aδ fiber, when C afferents are still active, the perception of noxious cold stimulus is experienced as burning or heat. This suggests that input from the Aδ fibers that signal the 'cool' sensation either blocks or modifies the C fiber input into the central nervous system. Therefore, the sensory experience induced by noxious cold stimuli depends on the integration of neuronal activity from both small myelinated and unmyelinated afferents.
In noxious cold, around 17 o C or below, TRPA1 (ankyrin transmemebrane protein 1; Anktm) is activated and known to be insensitive to menthol and capsaicin but activated by icilin. TRPA1 is specifically expressed in a subset of sensory neurons that express the nociceptive markers CGRP and substance P, and may operate as peripheral mechanosensors [23, 25] . TRPA1 are receptors for isothiocyanates, the pungent ingredients in wasabi and yellow mustard, cinnamon, mustard oil and inflammatory peptides and bradykinin.
The expression pattern in nociceptors suggests that TRPA1 is involved in nociceptive signaling as well as mediating the distinct pungent sensations. Moreover, TRPA1 has been postulated to play an important role in inflammatory hypersensitivity through receptor-operated mechanism by pro-algesic or pro-inflammatory mediators [28] . However, recently, whether TRPA1 is involved in cold sensation needs to be reconciled because data are conflicting regarding TRPA1 functioning as a cold sensor in vivo [29] [30] [31] [32] [33] [34] .
Additional studies and experimental methods are necessary to verify the function of this receptor.
CLINICAL POTENTIAL OF COOLING SENSATION
A cool and gentle breeze is known to make humans feel better and relieve discomfort and pain. The chemical sensory/cooling agents that can mimic these sensations without a change in tissue temperatures are promising as a new treatment for various disorders. Menthol, a cyclic terpene alcohol found in the leaves of the genus Mentha is representative of these agents and has been used in a variety of products, such as toothpaste, candy and even tobacco. When applied at low concentrations to the skin or mouth, menthol elicits a pleasant cool sensation. The cooling sensation of menthol arises from a molecular site of the cold receptor, TRPM8, as mentioned above [35, 36] . However, menthol can evoke pain (or irritation) through activation and sensitization of C fibers with activation thresholds within the noxious range of temperatures. Therefore, in the case of menthol, both pain (or discomfort) and cold sensation appear closely linked [16, 28] . Notably, low concentrations of TRPM8 agonists such as menthol or icilin were found to be anti-hyperalgesic in certain conditions [37, 38] . In addition, cold patches have traditionally been used to induce analgesia or pain relief caused by traumatic injuries. Most recently, TRPM8 antagonists were shown to be effective in reversing established pain in neuropathic and visceral pain models [39] .
Pruritus is a condition where the cooling sensation can actively intervene. Previously, Carstens et al. suggested that lowering the skin temperature reduces pruritus via a central inhibitory pathway [40] . Yosipovitch also suggested menthol can be used as a counterirritant for pruritus [41] . In addition to menthol, other cooling agents such as icilin, which is considered more efficacious and potent than menthol, activates the TRPM8 channel [37] . We previously showed the effect of topical application of icilin in the management of paroxysmal itching sensation over the vulvae area [42] . A TRPM8 agonist also showed efficacy in the histamine-induced itching model in vivo [43] .
However, limitations may exist with regard to the duration of action because cold receptors must adapt with a prolonged change of membrane potential dependent upon calcium current [13] or because TRPM8 requires the presence of phosphatidylinositol 4,5 bisphosphate (PIP2) for stable activity [44] . Therefore, prolonged TRPM8 activation depletes calcium and PIP2 as well as a certain level of cellular adaptation. Recently, several researchers have suggested TRPM8 can be a target for treating prostate cancer because an androgen-dependent Ca 2+ channel is necessary for prostate cancer to survive and grow [45] .
As summarized above, cold sensation of peripheral afferent sensory is not well understood but is relevant for further exploration. The cellular and molecular mechanisms involved in the TRP family, especially TRPM8, and TRPA1
are not well recognized, thus further investigation on the interactive neuronal system of cooling and nociception can extend our knowledge for clinical use in various fields.
